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Studies were conducted to evaluate the nutritive value of three 
wheat cultivars procuced at South Dakota State University. The three 
wheats were Kitt, Era and Rall. 
Crude protein analysis by the Kjelda..�l method, a�ino acid content 
and a biological assay were conducted on all three wheat flours. �jel­
dahl analysis yielded the following percentage proteins for Kitt, Era 
and Rall respectively; 18.1, 13. 7, and 11.9. 
Lysine was the first limiting ��ino acid for rats in all ihree 
cultivars under investigation. 
Diets consisting of fcur protein levels of each wheat flour, four 
protein levels of casein control diet and one protein l�vel of bread 
made fro� each of the wheat flours were fed ad libitum to rats for a 
test period of ten days. Six male noltzman rats �ere placed on each 
dietary 't::-eatment. 
Protein efficiency ratios were calculated to describe the overall 
performance of the wheat protein. Across the four diets, the avera&e 
protein efficiency ratio of casein was 2.8 grams of weight gain per 
one gram of protein intake. Kitt averaged a PE.R of 1. 38, Era 1. 33, 
and Rall 1.42. The bread diets were consistently close to 1 gram of 
weight gaii1 per gram of protein inta�e. 
When tested with regression analysis, casein, Kitt, and Rall 
showed no significant differenc�s among their diets and Pll:s. �a 
vi 
had some significant differences within its treatments. t·hen the 
ten per cent diet of each wheat and casein were tested between 
themselves, some significant differences showed. When these lines 
were bro�en down into three orthogonal comparisons of the lines, 
casein diet was significantly different from the others. Kitt t Era 
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INTRO::)lJCTION and LITEB.A TURI- REVIE:·r 
Contribution of cereal proteins to the total protein in the 
human diet is substantial. Cereals contribute significant levels of 
certain nutrients and protein to the diet. They supply most of the 
protein requirements in many parts of the world. Plant sources ac­
count for eighty-t�o per cent of the total protein supply in many de­
veloping countries such as Brazil, Colombia, Iran and Syria to na�e a 
few. Plant sources provide only thirty-four per cent of the total 
protein supply in the United States (Lorenz, 1977). 
Oat cult1.vars grown in the United States are .highest among "the 
cereals in both protein and lysine content (Pomeranz, 1973). Protein 
averaged seventeen per cent but ranged from twelve to twenty-four per 
cent in a study conducted by Robbins et al. (1�71). Lysine content 
decreasad as protein content increased in the oat cultivars studied oy 
Jansen (197Lr) • This is generally accepted for most crops though there 
a-re exceptions. 
Cereals and cereal products were once considered. sources of only 
poor quality protein def·:.cient 1.n certain essential ami�o acids. ·rhe 
first limiting a�ino acid of most cereals is lysine and the second 
limiting acid for oats is leucine as found by �,:aruya'lla et al. ( 1 975). 
These limi ti.r�6 amino acids cause the protein tested. to not f ·.illy s�p­
port growth. The most marKed difference in protein content of v.1neat 
2 
exists betYeen the bran and t�e endoEpe:rm, especi�l:J in lyE1nc co�:2�: 
(Maclean, 1976). The endosperm accounts for eighty per cent of the 
weight of the kernel and seventy-tvro per cent of its protein (Lorenz, 
1977). Lawrence et al. ( 1958) in discu�sir..g differences in t-:heat 
protein among and bett·:een species, indicated that it Tiay some day be 
possible to significantly increase the lysine content and therefore 
the overall :protein quality of \':heat through selective breedin6• 
The quantity, quality and availability of the �rotein in cereals 
vary bet�,.-een s�ecies and even a.11ong cul ti ar·s �-:i thin a species. Cul-
tivar is a term pri�arily used by agronomists to desi�ate the culti­
vated varieties of a species as contrasted wi tn the ·::ild or native 
cou.nterpc.rt. Biological utilization of protein depends on protein 
content, qu.ali ty and digestibility. �11arKed diffexences are also fou.11.d 
in the digestibility and availability of amino acicis beti.:een and among 
species. 
Protein content of a cereal grain is affected by the external fac­
tors of climate conditions (rainfall, sunlight) and -oil fertility. 
These may have as mucn impact on protein content ru..:. �u.ali ty as the 
genetic factors. 
Ever since the discovery of high lysine e;eno-types of corn opaque-
2 and floury-2 by 1Ie=-tz et al. (1964) and Nelson et al. (1965), there 
has been extensive research to develop other hie;h-�ieldin0 grains 
• 
of adequate levels of quality protein. Tne protein content of cer­
eal grains now on the mar�et ranges from nine to fifteen per cent. 
Agronomists are looKin6 for 'l'!ays to increase this :ra:ige on the upper 
end. 
Rubin (1975) called the production of lower quality cereals a 
nutritive and economic waste of natural resources, protein and pro­
tein potential. With the i-:orld' s supply of energy c.ecreasing, i.t is 
imperative that we get the most out of production in both yields and 
quality. As the vrnrld 's population continues to gro-rI the world will 
depend more and more on the cereal contribution to �ne protein in 
the diet. Supplementation of good quality cereals in�o the diets will 
raise the overall nutrition of the ,-.-orld population. 
Researchers have tried �o solve the low quality protein problem 
of ba.Ked goods and therefore cereal grains by adding nign quality 
protein supplements (peanut flours, soy protein flours, yeast proteins, 
bean flours; etc. ) to the recipe of the baiced good replacing some of 
the flour. The idea has much merit but can not seem to overcome the 
problem of lower q:uali ty o�ed goods 11-:hen significru t levels of hign 
protein additives are used. (Lorenz, 1977). 
Today, the search for nutritionally improved varieties of c:;rain 
continues in this country and in many others. v.heat cul ti vars are 
produced and grown at the South Darcota State University Experiment 
Station ;,:i th the hope of improving the nutri tiona.l �uali ty and still 
meet tue farmers' deuiancis for a 5ood yielding, narciy 6-rain. 
11111111112•--------------------------�-
... 
lviany methods of assay of protein value have been developed since 
proteins were first recognized as important to nor:nal bociy function 
and health. Allison (1�49) stated "th� four main met:-.ods of assessing 
nutritive protein value as the follo'l1ing: 
i. Nitrogen balance studies 
ii. Tissue regeneration studies 
iii. Amino acid c0m�osition analJsis 
iv. Growth studies 
Nitrogen Balance Studies 
Nitrogen balance s�udies deal with the difference between diet­
ary nitrogen intake and the nitrogen excreted in the urine and the 
feces. If nitrogen intake is equal to that excreted, there is a ni­
trogen balance of zero. ihen the intake of nitrogen exceeds the ex­
cretion of it, there is a body gain in nitrogen or a positive balance. 
This occurs during periods of rapid growth such as infancy and adoles­
cence. The opposite conditions prevail for a negative nitrogen bal­
ance to be in effect (Allison, 1949). 
The concept of ''Biological Value" ,,:as derived :=om the nitrogen 
balance study. The "biological value'' or B. V. as defined by Tho;nas 
( 1909) and 'i  tchell ( 1 �24), is the fraction of absorbed food nitrogen 
retained in the body of the "test animal. 
Mitchell (1944) introduced man_y nitrogen metabolism studies to 
determine retent:ion of nitrogen in tne body. Tr..ese were all based on 
-
5 
the fact that protein is the only cons iderable source of die tary ni­
trogen and that dispos ition of protein within the body can be followed 
by deter.mining intake and fecal and urinary excretion of nitrogen . 
Using the "biological value" ,  lH tchell also calculated what he termed 
the "Net Protein Content" of a food. This credits dietary protein ,,.,.i th 
all of its characteristic body functions : maintenance ,  gro�th and s tor­
age of protein during growth. The oig drawbacK to this me thod of 
study is the large number of analyses involved in evaluating all· the 
urine and fecal samples . 
Tissue Regeneration 
Tissue regeneration studies deal with the depletion of the amino 
acid pool and the overall study of bod.y protein stores , protein pro:­
duction and protein wear and tear. These all a.re nicely balanced in 
a steady state or dynamic equilibrium in the normal, healthy body. 
Low protein diets are fed to test animals (usually rats ) and after 
sacrifice of the animal , various t issues are analyzed for nitrogen 
content ( Allison, 1 949) . This analysis also taiees much time and is 
expens ive. 
Amino Aci d  Comoos i t i on 
Amino acid compos ition deals with separating the individual amino 
acids as or.1. a chromatography column , A.11ino ac id analy zers are spe­
cially desibned for this analys is. The amino acid profile of a 
foodstuff can show which amino acicis are limiting the foodstuf f from 
eliciting proper growtn. This analysis is often used in  conJunction 
with one of the other analytical procedures for evaluatinG prote in 
nutritive value. 
Growth Studies 
Rubin ( 1 975 )  stated that biological assay ( growth studies )  is the 
6 
best measure of whether one cultivar is nutritionally s ound or improved 
over another. It is the only reliable method to determine prote in 
quality since it is the ability of a prote in to support growth and 
maintenance that determines real value. 
Growth studies contain most of the phases of metabolism  which con­
tribute to\1ard the retention of nitrogen by the animal. Evaluati on of 
proteins through growth is , therefore, one of the most rigorous of all 
methods , integrating most of the functions of proteins into one mea­
surement. The very breadth of this approach to evaluation ma.Kes it 
difficult to standardi ze and interpret ( Allison, 1 94 9) .  
Chapman ( 1 95 9) stated that growth is the most extens ively used 
means of analys is today. It is often expressed in the "prote in 
efficiency ratio "  or ?t..R.. 
PER =  gram
s of body weight gained in a snecified t ime 
grams of prote in consumed while on the experimental diet  
Osborne and itendel ( 1 91 9) first  introduced tr..e "prote in  efficiency 
rati o "  concept as a refinement of the then s imple growth method. The 
two researchers s tated th'o main requirements for their me thod of 
- -- ---- --
-
analysis : 
i. Calori c intruee of t�e test diet must oe adequate 
7 
I 
i i .  Prote in must b e  fed at an adeGuate j� t not exce s s i ve l e � e �  
At increased levels of dietary protein the weight gain does not in­
crease proportionally with the prote in intake and the efficiency ratio 
would vary considerably. 
Criticisms of the Protein E.fficiency Ratio :,1ethod of Analys i s  
Mitchell ( 1 924) , a proponent of nitrogen balance studies , firs t 
attacked the Osborne �1d Mendel rnetnod. of deterninin5 �ro "teir.1. value 
for a number of seemingly good reasons. 
First , the method assumes that dietary protein is needed only 
for growth and in permitting unlimited consump t ion , permits no re­
quirement of protein for maintenance ( s ince only unjer such an 
assumption would. a constan"t rai:io o! t;ain in wei g�'1t to  pro1:e 1.;1 con­
sumed oe expected, regardless of intake). 
Next he stated that the protein ratio implies thai; protein con­
tent of gains in body weight of growing animals is constant regard­
less of age , s1.ze , q:J.ali ty of protein, or rate 01 gro11: th .  S ince 1 924- , 
�·a tchell ( 1944) s aid  it has been shown that there is a vari a·ole co:n­
posi tion , that gains differ in content of' fat, water, and protein. 
Therefore , �eight gain might not properly reflect pro�ein retention. 
Rate of 6-row "th also seer.is to a1"fect co:npos i tion ::>: 0a1.n. 
1•�i tchell  ( 1 :34� )  also pointed o:J.t the lar6e experi:nen�al error 
8 
involved in "the ad libi tum :feeding that accompanies :n �st animal grm-:th 
studies. This method tends to exaggerate differences among prote in 
foods, because rations containing better prote in foods will be con­
sumed in larger amounts and will give an advantage over poorer pro­
tein foods. He stated that by equating food int�es on comparable 
diets this last problem can be somewhat overcome . 
Modifications of the Prote in Zfficienc,y Ratio 
Concerned over the criticisms of the "protein  ef'ficiency ratio" , 
Miller and Bender ( 1 955)  came up with an adaptat ion to the nitrogen 
studies of Mitchell and the PER of Osborne and .�endel. They discov­
ered that one could calculate body nitrogen from the body water con­
tent. A high correlation was found to exist be�ween that ratio of 
body nitrogen and water content and age of the rat ( thirty - three to 
fifty - seven days old gave the best correlations ) .  rhe two researcners 
incorporated_ a nonprote in diet for tne best determina�ion of' the nutri­
tive value of the test diet. They termed the ir ne,-: value the "net pro­
tein utili zation' '  or �PU. They also cut the test period doim from the 
usual fo:ir '"'·eeks to ten days , a considerable savings in  time. �°' hen re­
quired, the biolobical value can be uirectly calculated from tte XPU by 
the appropriate formula. A relatively small nu.moer of measurements �ere 
required in the analytical procedure. 
Bender a.nd Doell ( 1 957 ) came up wi th another variation of the bas i c  
Per growth analys is a.nd termed it the "net protein ratio" or Ph • The 
control group was �i ven a protein-free diet and the dii.ference in 
weight of this group a nd  the test group \t:eight was used instead of 
merely the weight gain of the test group alone . This was an attemp t 
to eliminate the criticism that there was no prote in requirement for 
maintenance in the original method. 
Campbell ( 1 963)  felt that the effect of a maintenance value has 
not been established. Allowance for maintenance would seem  �o be a 
more or less constant �orrection which would have lit t le ef�ec t on 
relative statuB of proteins of varying quality. 
Many other variations of the original methods were devised  but 
heve not gained much popularity. 
Agreement Be tween Growth : Iethod Values 
9 
A need arose to  see if these various methods of analysis were in 
agreement . Bender ( 1 955 ) studied the relat ionships between P:Eb. values 
and NPU values quite extensively. He considered the l{PU values to have 
more significant meaning than the PE.R values. This is because the rPU 
is based on the biological value which is constant regardless of the 
quantity of protein fed as long as this quantity does not exceed the 
animal ' s  capaci ty to  synthesize protein. 
Surprisingly, Bender found the correlations between PFS. values 
and NPu values on vari ous foodstuffs t o  be highly signif icant. ::is 
regression equation agreed very well with that of Blocie and r,Ii tchell 
( 1 946 ) who calculated NPU valaes from results  of balanced experiments. 
PER values show considerable variation among themselves due 1n  part to  
1 U  
variation in food inta.Ke. Bender ( 1 955 ) said it c an b e  argued that 
the highest PER (that with food consumption the hi ghest) is the near­
est approach to the correct answer. nis results partly support the 
PE& analytical method as a means of measuring protein quality. t.-Jhen 
the mean of several estimations, even of a brief experimental period , 
is  taken, PER gives a measure of nutritive value that is as useful as 
MPU and simpler to determine ( r.Iiller and. Bender , 1 955 ) . hi th all of 
these modifications and other ways of assessing protein nutritive 
values, many researchers still rely on the P� assessment. 
Standardizing the PER Procedure 
Realizing that results between laboratories were not correlating 
well because of differing procedures within the method , Chapman et al. 
( 1 95 9) wrote up a standardized system for assaying with the PER �ethod. 
He felt it was necessary to standardize conditions of protein level , 
species of animal, age of animal, use of appropriate standard control 
diet., length of assay and method of feeding. This method is much li�e 
the one recommen�ed by the AOAC today. 
Campbell ( 1 96 3 )  stated that for a rapid routine test , a PER deter­
mination by his own method (much li.tee Chapman ' s) , at ten per cent pro­
tein level, should furnish a reliable estimate of protein �uality. iie 
felt there is no practical advantage of PU over PEF... 
According to Pi�e and Brown ( 1 967) the grea"test source of error 
i n  the Pl:..R method is the use of \.<:eignt 6ain yer se as tne sole 
1 1  
cri terion of pro tein value. i(any researcilers incorporate the amino 
acid composi tion analysis and percentage crude prote in (�jeldahl or 
3iuret anal.j�s i s )  into ti1ei:r s t:.lc.ies. 
i1�y foodstuffs nave been te sted since the grow "tn ass ay v:as firs t 
introduced. Today hundreds of PER values can be related from labora­
tory to laboratory because of s tandardized procedures. Xany of the 
new . cereal cul t ivars are tes ted for the ir contribution to be tter pro­
tein quality. F..ice, corn, wheat, oats, barley, and tri t i cale are jus t  
a few of these grains under inves tigat ion. These PElt values, amino 
acid profiles and crude protein percentages help to show the supple­
mental value of the grain in the diet. 1utritional quality of diets 
should improve as these results are put to use. 
Obje ctives 
The objectives of the inves tigation are as follm•:s : 
1 .  To assess availaoili ty and quality of protein in three 
new strains of wheat cultivars through biological as says 
and chemical analysis . 
2. ro asses s  i-:hether benetic increase in r o "t e i n  content of 




MATF.JtIAIS and METHODS 
Three cult ivars of wheat grown at the South Dakota State Univer­
sity Experiment Stati on were tested for protein quality. There were 
two hard red spring wheats, Kitt and Era, and one hard red winter 
wheat , Rall. 
Kje:dahl Analysis ( Bradstreet, 1 965 ) 
The three cultivars under investigation were ground as finely as 
possible into flour at the Seed Laboratory, South Dakota State Univer­
sity. They were then analyzed for crude protein content by the macro­
Kjeldahl method. This  procedure for determining nitrogen content of 
a material has been in use for many years. It operates under the 
theory that the nitrogen present in the amino aci ds of the prote in is 
converted to  ammonium acid sulfate by boiling with concen�rated sul­
furic acid. This is the digestion phase of the procedure. It  also 
destroys aey organic material present in such foodstuf·fs as grains. 
During the next step, called distillat ion , the ammoniu.� acid 
sulfate is decomposed to ammonia by saturated sodium hydroxide. The 
ammonia is captured through disti l lation by a saturated boric acid 
solution ,  a very weak acid. The a.i��onia can be calculated by t itra­
tion directly -..:ith a standardized. ac.id. F rom the amount of standard 
1 2  
• 
acid used in ti tration , nitrogen content is calculated. '11he nitrogen 
content is multiplied by a factor which converts weight of nitrogen 
into an equivalent amount of protein. .A olafu<. is ri.m to de1;er:Hine 
any nitrogen contamination in water or reagents used . 
Calculation of per cent nitrogen : 
% nitrogen = 
0 . 0 1 4  = milliequivalent weight of nitrogen 
N = Normality of standardi zed acid 
V s = milliliters of standard acid used to titrate sample 
Vb � milliliters of standard acid used to titrate blank 
S = weight of sample used 
% nitrogen x 5 . 7  = estimated per cent of protein for Kheat 
and other e;rains. 
The Kjeldahl values for the three wheat flours under study are 
as follows: 
Kitt 1 8 . 1% 
Era 1 3 . 7% 
Rall - 1 1 . 9;� 
Amine Ac id Co�position Analys i s  ( Kir�, 1 94 7 )  
All three cultivars were also analyzed for amino acid compo­
s ition on the Bee.Kman Amino Acid Analyzer, ;, odel 1 20C, in the S ta­
tion Biochemistry Department. Each flour was subjected to hydro­
lysis first. One half gram of the cereal flour ( a precise measure­
ment) was placed in a flask wi �h o�e hundred mil liliters of 6 Normal 
3 3 8 8 4 9  SOUTH DAKOTA STATE UNIVERSITY LIBRARY 
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hydrochloric acid and refluxed for twenty-four hours in a nitrogen 
atmosphere. The sample was fil tered and brought to 250 milliliter 
volume. Ten milliliters of the filtered hydrolysate are placed on a 
flash evaporator and reduced to dryness three times with the addi- · 
tion of some glass distilled water. This removed any excess hydro­
chloric acid. Five milliliters of standardizing solution ( pH = 2. 2) 
was added to the sa11ple •. · One half milliliter of the sample solution 
was then placed on the column. This yields approximately 1 000 to 
1500 milligrams of amino aqid per amino acid equivalent. 
Materials for Growth Analysis 
In the growth experiments , protein intake versus weight gain 
was the cri te:ricn for comparison of four· levels each of the cul ti vars 
and one level each of oread made from each cultivar. Casein was used 
1 4  
as the reference standard protein. E.ach protein source was incorpor­
ated into the diet at the expense of dextrose. There was no other pro­
tein source other than that of the tes� material. The nonvariable 
portion of the diet was as follows : 
salt mix�ure (Bernhardt - Tomarelli substitute) - 5 % 
corn oil - 5 7t 
vit�11in mixture - 0. 5 [o 
The salt mixture was prepared in the 1utrition Laboratory at 
South Dakota State University following the ingredients listed in tr.e 
ICN Laboratory catalog for Bernhardt - Tomarelli modified sal t mix. 
The ingredients used are listed in Table 1 . These were mixed dry. The 
Table 1 
Ingredients Used in Bernhardt - Tomarelli ' s 
Modified Salt Mixture 
Ingredient Per cent 
Calcium carbonate 2 . 1 
Calcium phosphate 73 . 5 
Citric acid 0. 227 
Cupric acetate . 2H20 0 . 046 
F'erric citrate. 5H20 0. 558 
Mc1.gnesium oxide 2 . 5  
Manganese acetate 0. 835 
Potassium iodide 0. 00 1  
Potassiu.'ll phosphate dibasic 8. 1 
Potassium sulfate 6 . 8  
Sodiu.'ll chloricie 3 . 06 
Sodium phosphate 2 . 1 4  
Zinc acetate 0 . 1 33 
1 5  
·�eight ( grams )  
3 1 . 5  
1 10 2 . 5  
3. ,+ 1 
0. 69  
8. 37 
37 . 5  
1 2. 525 
0. 0 1 5  
1 21 . 5  
1 02.0 
45 . 9  
32. 1 
1 .  995 
corn oil and vitamin mixture ( 2608) came from ICN Laboratories. There 
were no deficiencies in vitamins or minerals in the test diets. 
Bacto-dextrose was obtai ned from Difeo Laboratories, Inc. , Detroi t, 
Michigan. The other 89. 5 per cen� of the diet was comprised of vary­
ing amounts of dextrose �nd test flour or bread , depending on the pro­
te in level sought. 
.,. 
� lour Growth Analys is 
By calculation, four levelE of protein of each of t.he three 
flours under s tudy and four levels of casein as the c ontrol i,:ere 
set up into diets. 
Sample calculation : 
All diets were made to 1 500 grams. 
Rall flour = 1 1 . 9%  protein. 
85% x 1 500 grams = 1 275 grams flour 
1 6  
1 275 grams x 1 1 . 91� protein = 1 5 1 . 7  grams protein 
1 5 1 . 7/1 500 = 1 0. 1 %  protein diet 
Of the 1 500 grams, 1 275 grams were wheat flour. There were 75 grams 
dextrose, 75 grams corn oil, 60 gra�s salt mixture, and 1 5  grams of . 
the vitamin mixture i n  this sample calculation .  
Table 2 shows the levels o f  protein sought for the di e ts through 
calculation. Table 3 gives the actual levels of protein in the diets 
as given by Kjeldahl analys is. 
Table 2 
Levels of Protein So:igr.1.t. 1n i'e s i;  lhe ts 
Test Diet Level Level Level Level 
b C d 
Kitt 1 0. 0'/4 1 2 . 0%  1 4. 0% 15 . 7;•; 
Era 9 -a% 1 0. 0% 1 1 . <Y/c,  1 1 . 8%  
Rall 9 .aJ, 9 - 5% 1 0. 1 i  1 0 .  4o/� 
Casein 9 . 0%, 1 2. 0-� 1 5 .  u-;� 18 . O"jo 
-
Table 3 
Actual Levels of Protein in  Test Diets 
Test Diet Level Level Level Level 
a b C d 
Kitt 9 . 1% 10 .. 3% 1 1 . 8% 1 3. 1% 
Era 1 .  '1/o 9. 1% 9 - 7% 1 0 . 7% 
Rall 8 .  Zf� 8 . 5% 8 . 9% 9 . 2-1; 
Casein 7 - 5% 9 . 7�{, 1 2. 4o/� 1 4 - 7% 
The diets were all well mixed by hand prior to feeding. 
Six male, Holtzmann, weanling albino rats ( 50 - 60 grams) were 
placed randomly on each diet.  The rats were air-freighted from 1 1ad­
ison, Wisconsin. Each rat was given its own cage ,  water bottle, and 
feed tray . Four days were allowed for the rats to recover from ship­
ing before being placed on the experimental diets. F·ood and water 
were provided ad libitum and food inta.L{e and weight gain were record­
ed daily for a testing period of ten days. To help standardi ze the 
procedure, all food was given and weighing was done at approximately 
the same time each day . The temperature �as set at 7 2 degrees F and 
the rats were 6iven twelve hours of �aylight 
darkness each day . 
and twelve hours of 
Because of the number of rats involved, there were two test per­
iods of treatment. The first group of rats numbering fifty-six , ar­
rived i\1arch 4, 1 977  and were fed test diets from •,!arch 9 to Aarch 1 9. 
The second group of seventy-two rats arrived i,1a:rch 22, 1 977  and ,,.,·ere 
1 7  
111!!1111----------------------------------------
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fed the test diets from i:Iarch 27 to April 6 .. 
Bread Gro�th Analysis 
:Sreads v-.:ere also tested t o  see now well the proteins stooc. up to 
the rigors of baking. Some extra protein is added due to the milk 
in the bread recipe. Als o, lysine often is made unavailable during 
baking. 
Three batches of bread were :nade from the three cultivars of 
wheat unier investigation. Thes e were ba.Ked at the Experimental 
F'oods Laborat ory at South Dakota State University. The oread was 
then dried in open air for twenty-four hours, ground, and incorpor­
ated into the same diet as the flours. The highest possible amount 
of bread was placed in the diets at the expense of dextrose. �jel­
dahl a..wialys is yielded the values for these breads and. diets sho"':n 
in Table 4. 
Table 4 
Per cent of P:· otein in 
Bread and Bread Diets 
Test Aaterial Per cent Protein 
Ki tt Bread 1 ) . 6  
Kitt Bread Diet 1 0 . 4  
Era Bread 1 2. 2  
Era Bread Diet 1 0 . 4  
Rall .Bread 9. 4 
Rall Bre ad Die t 8 . 9 
The same experimental procedures were followed as with the 
flour experimental diets. 
1 9  
Amino Acid Analysis 
Chapter 3 
RESULTS and DISCUSSION 
Amino Acid composition of the three wheat cultivars are pre­
sented in Table 5. Limiting amino acids in the flours are underlined , 
according to the National Research Council ' s  recommendations for rats. 
Table 5 
Amino Acid Profiles of Three �heat 
Cultivars; Kitt, Era and rtall 
Protein Source 
Amino Acids Kitt Era 
Lysine . 431% - 395% 
Histidine . 380 • 34 1 
Arginine . 81 �  . 645  
Threonine . 5 1 2  � 
Glycine + Serine . 683 + . 872 . 563  + . 657  
Methionine + 0. 5 Cystine . 26 1  + . 4 1 2 . 1 87 + . 455 
Val ine . 686 . 557 
Isoleucine . 604 . 47 9 
Leucine 1 .  21 0 • 95 1 
Phenylalanine + Tyrosine . 867 + . 544 . 603 + • 37 1 
. 21 8  . 283 Tryptophan 
* 







. 469  + - 4 9'-r 
- 1 24 + . 09.z 
.486 
. 45 3 
. 872 
. 5 95 + · . 399 
. 258  
The table shows all three cul tivars to oe lacKing in lysine , 
quite predictable from "the s tudies done in this area ( Aarayama, 
1 975 ) .  "E..ra anci :tal l are al s o  def ic�em in tnre oni ne. c ont ent . R_all 
wheat seems to be limited in a number of the other amino acids also. 
Any rat placed on a Rall diet would oe at a distinct disadvantage as 
compared to rats on Kitt and Era diets in the growth s tudies , accord­
ing to this analys is. 
Average Weights of Test Animals 
The average body weights of Holtzman rats as given by the 






Holtzman Rat Body 
Weight Ranges by Age 
Age of Rat �·,eign t iian6e 
21  days = 0 60 grams 
28 ,. = 60 80 ,, 
3 1  " = 80 1 00 I I  
34 " = 1 00 1 20 I I  
37 I I  = 1 20 1 40 " 
38 - 40 I t  = 1 40 1 60 I I  
21  
The rats were placed on  experimental diets at �he age of twenty­
eight days and were thirty-eignt  days old at the end of t�e experi ment . 
.... 
Table 7 depicts the average weights of rats by group at the 
beginning and the termination of the experimental test period. The 
beginning wei5ht average of all one hundred and twel·✓e rats that 
completed the experiment was 78 . 3 gra.�s, within the range as set  by 
the Holtzman Company. At the end of the growth experiments , most 
rats on flour and bread diets were below the average weight range 
for their age group. Diets A ( 1 1 . 8fa protein) and L ( 9 . 63� protein 1 C C 
were exceptions. Rats on casei� �iets were generally in the correct 
weight range except for C ( 7 - 45% protein) 1·:hich .,, as ·:el m-.' tl'le ranee . a 
Terminoloey in negression Analys is 
22  
The statistical analysis of the study was conducted through lin­
ear regression which is fitting a straight line t o  a set of data. It  
is a least squares analysis where the unexplained variance is a minimum 
or:. J.east square, see .Figure 1 .  
l4 igure 1 
Sources of Variation in Y 
in Regression Analys is 




Average We ights of Test  Groups at Experiments ' 
Beginning and End a.nd E eed Ei ficiency Ratios  
Test  Group 
Casein 
1 4 . 74% Protein 
1 2 . 4 2%  I f  
9 -74% 
7 . 45% 
Kitt 
1 1  
J I  
1 3 . 1 3% Protein 
1 1 . 8 1% " 
1 o .  34Jb " 
Era 
9 . 01% I I  
1 0 . 67j( Pro-ie in 
9 . 68% I I  
I I  
" 
Rall 
9 .  1 6o/o Protein 
8 . 92% 
8 . 5 1o/� 





Xi tt , 1 0 . 38� Protein 
Era, 1 0 . 4 31; 
Rall , 8 .  94% 
II  
I I  
Average ·i. ei6:1 t 
28 days 
77 . 63 ±. J .73 
78 . 85 ± 5 .44 
Sc • Su ±. 7 • 1 1  
79. 50 ±. 6 . 01  
72 .85 ± 2 . 28 
76 . 72 ± 7 . 70 
74 . 7 3  ± 3. 00 
72 . 1 3 ±. 6 . 67 
82. 20 ± 6 . 25 
84 . 70 ± 5 .  94 
7 7 . 60 ±. 9 . 47 
79. 50 ±. 9 . 80 
75 . 28 ± 1 2. 9  
82 . 1 3  ±. 6 . 07 
80. 33 ±. 5 .40 
84 . 22 ± 1 0 . 1  
8 1  .45 ± 6 . 26 
80 . 36 ± 6 . 90 
83. 80 ± 6 .  75  
)1.verage � .' eibt. t 
38 days 
1 3� . 40 ± 9 - � 5  . � 4 2 + . u5c 
1 23 . 08 ± 1 3 . 5  . 357 + . 070 
1 1 5 . 58 + 1 6 . 1  . 26� + . 028 
1 00 . 05 ± 8 . 7 3 . 1 87 ± . 045 
97 . 2 ±. 8 . 25 
' 1 0 1  . 25 ± 1 5 . 6  
95 . 68 ±. 7 .  1 4  
80 . 1 2 ±. 8 • 1 u 
. 1 91 + . 045 
. 1 89 ±. . 035 
. 1 57 1" • • 030 
. 079  !. . 029 
97 . 35 ± 7 . 43 . 1 20 + . c28  
87 . 7 3 ± 21 . 3  . 1 3 1 ± . 039 
92. 28 ± 1 2. 9  . 1 26 ± . 022 
93. 1 3 ± 1 5 . 7  . 1 1 1  ± . 035 
92 . 87 ± 1 3 . 7  . 1 55 + . 054 
1 0 1 . 60 ± 1 0 . 5  
94 . 96 ±. 1 2 .  2 
90 . 06 ± 1 0 . 8  
'.34 - 30 ±. 9 . 05 
93 . 24 ± 6 .  76 
95 . 1 0 ±. 8 . 33 
. 1 29 ± . 022 
. 1 1 4 ± . 065  
. 096 + . 044 
. 1 1 1  + . u25 
. 087 ± . 030 
. 092 ± . 0 1 7  





There are three s ources of variation in y as shown in F igure 1 .  
Y, the total amount of variation is comprised of the deviation due 
to y, the deviation due to b ( or Y - y) , and �he ver t ical deviation 
d. The total variation of y + b, the distance from the x axis to the 
regression l ine is called the sum of squares due t o  -re,g-ression .  I t  
has one degree of  freedom and is the explained variance. The amount 
of variati on d, from the data point to the regression line is �he un­
explained variance or res idual term in the analys is. This can be ei­
ther a positive or negative deviation. This �antity is used in the 
F test for testing lines as shown in Tables 8 - 1 1  and 1 3  - 1 5. It 
has n - 2 degrees of freedom. 





variati on due to the changing x and is the reduction in the sum of 
I 2 . h . d  ��ares or again the variation due to regression .  � is t e res 1 -
ual sum of squares . Through manipulation the . sum of squares of y 
becomes : 
with n - 1 degrees of freedom . 
This is one of the three basic values needed in regression analysis. 
The other �,-:o values are : 
n the sum of squares of x ' s 




The slope of a line, b, is given by the f ol l owing equation: 
b = � Xy 
i x  
2 
The equation of a line is given as : 
Y = a + bx , wh�re a is the y intercept and b is the. 
slope. 
Regression Analysis ( Steele and Torrie, 1960) 
Daily protein inta.Ke was calculated from the dietary protein 
content and the food conswnption. The average daily protein intake 
(x) is plotted against the average daily wei ght gain ( y }  for each 
treatment in each group to give regression lines corresponding to the 
data points. Figures 2 through 5 show these regression lines for the 
wheat flour diets and the case in control diets. 
tell  the resulting equation for each line. 
he figures also 
Ea.ch line within each group was analyzed by regression analysis. 
First, the slopes of the lines were analyzed to  see if they were s16n­
ificantly different. The null hypothesis is li
0




The alternative hypot.hesis was therefore n.1 : 31 f E2 / B3 
J B�. Since 
there were four trea�ments in each f�our g:roupin6 and the casein 6-r-o�p 
of diets, there were three degrees of freedom per test group . Therefore , 
when S .l6nificant dif ferences are found in tes tin5 s � opes or line s  a ... i 
comparis on is  not ciependent llp on ar :.i or' the o-i.r.er c c=-;,ari�ons . 
- ta. An o r
"tl o.;









: · 1 2 · 3 
/Prot e in int ake ( g/a·ay) . 
. 
Figure 2 
Casein hegress ion Lines 
Y = • 84 + 1 .  4 7x 
c.;..,__ 0 
C c- - -
Y = -2. 6 3  + 4. 48x 
26 







Y = • 0 2 1  + • 8� g X 
Y = -1 . 52 + 2. 65x 
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Y = -1.19 + 3.67x 
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Era iiegression Lines 
y = -1. 61 + a---- 3. 2x 
¾- - y = . 1 67 + 1 . 22x 
y = -2. 89 + 3. 49x c- - -
y = -1 . 35 + 2. 1 6x 
27 
:F ig.ire 5 
Rall hegression Lines 
R y = -. 768 + 2. 0 1 x 
R y = -1. 06 + 2 . 39x o-- --
R y = -. 972 + 2 . 26x c- - -
Rd • • • • • • • • •  y = 1 . 75 + . 007 2x 
3 
2 
• • • • • • • • • • • • • • • • • •  
1 2 


































































Possible comparisons are : 
i . C ompare two lines witn slopes teat appear to be 
the same. 
i i. If the two slopes o:· i. are not significantly 
different, pool these two into one line, comput­
ing new sums of squares , slope, etc. 
i ii. Two pooled lines could be compared agains -c the 
other two pooled lines. 
iv . Three pooled lines could oe comp ared to the 
fourth line. 
28 
The formula analyzing s lo�es is given in Tables � thro'.l.gh 1 1  which 
show the regression analysis of each g-ro'.l.p of flour and casein diets . 
F·o1low1.ng testing the slopes of the lines, the lines therr,sel ves i;:ere 
subjected to analysis. One set of points may have -che sa�e s lope as 
another set but not -oe the same line . .-fi1€ formula for testing the lines 
is also given in the table of regression analysis f or e ach group of 
diets. 
The tables of regression analysis f or e ach die1.ary .;roup also 
shoh' the three basic values neecied in regression a,.v1alys i s ,  -che EU:n of 
s quares of the x ' s , the sum of squares for the y ' s , and the su� of the 
crossprod'.l.cts , xy. heduct1.on in the sum of squares d· e to regression 
with one degree �f freedom is given as is the residual s'.l.m :>f sq ares 
with its four def;Tees of freedom . These �uantities all con-crioute to  
the analysis of variance and the F test to  -cest s1.enif 1.cant differences 
in the sl opes and the lines. 
liegression Analysis of Casein 
As shown in Table 8, when the slopes of the fo:ir regression 
lines were tested, the were no si gnificant ciifferences and the four 
slopes were considered equal. ./o significa..vit dif:ferences were 
found when testing the lines either. All four casein regression 
lines can be considered the s��e line. 
Regression Analysis of Kitt Flour 
Table 9 gives the results of the Kitt re gression analysis. 
Here also there were no significant differences in  either the slopes 
or the lines. The lines are considered the same. 
Regression A.vialysis of E.ra Flour 
29 
Table 1 0  shows Era wheat' s regression analysis. There Kere no 
statistically significant differences in the slopes. However, in 
testing the four lines, there is significant difference shown at the 
.05 level, as shown by the F test. This tells us tr.at the four lines 
are not the �ame and thus caimot be treated. as � uc:: . 
for 
When the three orthogonal comparisons are bro�en out of the line 
individual testing, we find that the two lines l:. a.ad E. ,  which a C 
had good agreement in slopes, the value F( 1 , 8) = 7 . 1 5  9 * ·  These 
two lines are significa.11.tly different from each other and cannot be 
considered as one line. In comparing lines ¾ and E ,  F (1, 8) = 4. 08 
which is nonsie;nificant but is approaching significa.!'ce. The two can be 
considered the same but not with much confidence . 
-
Treatment d. f. 
C 5 
C 5 0 
C 5 
C d 5 
f single 20 






hegression Analysis  of CaseL.1 
Reduction Residual 
{ 
x2 { xy {y
2 d. f. ((xy)
2
/{x
2 { 2 -� d t · y - rte uc 10n 
. 1 7 1 7 . 25 1 8  1 . 2062 4 . 3692 . 837 
. 2555 . 937 1 3 . 7 977  4 3 . 437 2 . 3605 
• 324 9  1 . 2004 7 .  9093 4 4 . 4352 3 . 474 1 
. 1 527 . 6849 4 . 8593 4 3 . 0720 1 .  78 73  
1 6  6 . 45 89 (A) 
. 9048 3 . 0742 1 7 . 7725 1 9  1 0 . 445 1  7 . 3274 ( B) 
3 
4 . 28 1 7 1 4 . 9674 59 . 8583 22 52 . 32 1 1 7 . 5 37 2 ( C) 
( B  - A) /( 1 9 - 1 6)  7 . 3 274 - 6 . 4 :,89 
]'  = 
3 A/1 6  
F' ( 3 , 1 6 ) == 
6 . 4589/1 6 
( c  - n) /22 - 1 9 )  7 . 5372  - 7 . 32 2t., 
F' = 3 A/1 6 
F·( 3 , 1 6 ) = 
5 . 828�/ 1 6 
:F l  
0 . 7 1 70 n . s .  




Regression Analysis of Kit t  Flour 
Reduction Residual 
Treatment d. f. { x  2 i xy { y2 d. f .  (( xy) 2/{.x2 i y2 - Iteduction F 
., j . u57 7 • 04 � . 444 1 4 . 04 1 6 . 4025 r .. 
/" ) . 1  >d) . 4 264 1 . 655 1  4 1 . 1 47 1  . 508 ..,b 
. .  5 . 5 1 4 :;1 1 . 1 768 3 . 4 1 2 1  4 2 . 6896 . 7225 
i( 5 . j ( J {  1 • 1 1 89 3 . 8902 4 3 . 2972  . 5 930 a. 
1 6  2. 226 (A) 
( s i ngle 20 1 . 1 1 08 2 . 77 1 1 9 . 40 1 5 1 9  6 . 91 30 2 . 4885 ( B) 
3 
{ combined 23 2 . 86 7 2  7 . 0767 20. 446 22  1 7 . 4664 2 . 97 96 ( c )  
( B - A}/( 1 9 - 1 6 ) 2 . 4 885 - 2 . 2260 
TESTIHG F = 3 
LJPE� A/1 6 F·( 3 ,  1 6 ) = 0 . 6289 n . s .  
.--. ,.. ,... r  I -· • c LOU 1 0  
( C  - B) /( 22 - 1 �) 2 .  'JT 15 - 2 . L, 385 
T:.s r , rn v F' = 
"} 
A/ 1 6 Ll! ,Ll: } { 3, 1 6 ) = 1 • 1 7 6 :  r • •  s . 
2 . 226u/ 1 G 
Lw 
u 
Table 1 0 
Regression Analysis of Era It ·] :>ur 
Reduction Residual 
Treatment d . f. { x
2 
i xy  { y
2 d. f. ({xy) 2/(x2 (y
2 - Reduction F 
E 5 . 1 503 . 481 1 .  7201  4 1 .  5394 . 1 808 
:Lb 5 . 1 677  . 2043 . 5273  4 
• 24 B9 . 2784 
� 5 . 1 8 35 . 6406 3 . 1 527 4 2 . 2363 . 91 64 
C 
Ed 5 . 1 6 1 9 . 3492 1 . 0
25 4 . 7532 . 27 1 8 
1 6  1 . 6� 7 4 (A)  
i single 20 . 66 34 1 . 675 1 6 . 425 1 1 9  4 . 2297 2 . 1 954 ( B) 
3 
[ combined 23 1 . 4689 2 • .3892 7 . 4 2 1 9 22 3 . 886 1 3 . 5358 ( c )  
( B  - A ) /( 1 9  - 1 6 ) 2 . 1 :1)4 - 1 . 64 74 
TE.STING Fl 
= 
j A/1 6 $LOPES 1' ( 3 , 1 6 ) :. 1 . 7 7� 1 n . s .  
1 . 64 74/ 1 0 
( C  - B) /( 22  - 19)  3 .  5 3 5 8 - 2 .  1 �)4 
Ti:.STlNG  } = 3 A/1 6 
LHi:.S 1i ( 3 , 1 6) = 4 .  3 .3 )'� * 








h 5 C 
nd 5 
{ single 1 9  





Table 1 1  
Regress ion Analysis  of Rall F lour 
Reduction n.esidual 
{ x2 i xy { y
2 d . f .  (t xy) 2/! x
2 � y2 - Heduction 
. 1 280 . 2567 1 . 45 33 3 . 5 1 84 • 9348 
. 1 467 . 350 1 4 . 074 9  4 . 8355 3 . 2394 
. 2 1 20 . 47 97 1 . 37 1 1 4 1 . 0854 • 2857 
. 27 39 . 0020 0 . 9825 4 - . 9825 
1 5  5 . 44 25 (A)  
. 7 6u6 1 . 0894 7 . 88 1 8 1 8  1 . 5603 6 . 32 1 5 ( E) 
3 
• �285 1 . 4'.:)09 9 . 1 �5 1 2 1  2 .  3940 6 .  80 1 1 ( c )  
( B - A) /( 1 8  - 1 5 ) 6 . 32 1 5 - 5 . 44 25 
F = 3 A/1 5  1- ( 3 , 1 5 ) = 
) . 44 2,/ 1 5 
( C - B) /( 2 1  - 1 8) 6 . 80 1 1 - 6 . 3 2 1 5  
F = 3 A/1 5 F ( J , 1 5 ) = 
5 . 44 25/1 5 
F 
0 .  807 5  n .  s .  
0 . 4 4 06 n . s .  
l . J 
l . ,  
.. 
More comparisons are not poss 1 ole because of ortho6onality anci 
degrees of freedom. E cannot be pooled with E since they are def-a C 
initely not the sa�e line. 
Regression Analysis of Rall Flour 
Difficulties arise when loo.King at the Eall flour regression an­
alysis , Table 11. fo significant differences are s r. �1:;n for ei ther 
the slopes or lines when tested by tne I test. ho�ever, when looking 
at Figure 5 ,  a large discrepancy seems to exis t oetween the three lines 
Ra, Rb, and he as v:hen compared to r�d. Loo.1dng a.6::un at the analysis 
of variance in the table we see that the residual ter�s for R ,  R , and 
a C 
Rd are in the sa�e general area but that the residual term for line h0 
is extremely out of line. It is this large unexplained variance in tne 
¾ data that is throwing our analysis 01.1t of line. Any differences 
that may exist will be masKed by the residual term of �b. Any time 
¾ appears in the analysis, no dif i erences v-:ill ne s.1own. 
Comparisons 3et�een the Tes t vro��s and Case in 
} 1.gure 6 snows i;ne plots  01 1 o:ir 1 1.nes , one f r � . .  e ach 0 1  t h e  
flour GI'Oups anci one fro� the control group. The r o:u lines are 
from diets ot approximately the same percentage protein, near ten 
per cent. Table 12 shows the per cent protein that is actually in 









/Protein int a.lce 
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Y = -1 . 5 2  + 2 . 65x 
Y = -2. 89 + 3.49x 
Y = 1 . 75 + . 0072x 
F igure 7 
Bread Diet 
Regres sion Lines 
BK y = -1 - 31 + 2. 1ex 
�- - y = -. 14 + 1 . 1 1 X 



















Y = -1.i9 + 3.67x 
Rd ••••••••• 
Table 12 
Percent Protein in �omparins Diets 
Between Groups 
Comparison Diet - Per cent Protein 
Cb 9. 74 
�-:¾_ 1 0. 34· 
.. :: � 
·:... -
.. 
E 9. 68 ·-
Rd 9 . 1 6  
36 
Table 13 shows the overall analysis of these four diets . The 
slopes were signif1.cant.ly different at the . 5 level of significance . 
Since the slopes t.est out signif 1cantly diff·erent, l ines aut.omatical­
will too and the } test f:>r lines does not have to be performed. The 
lines cannot be considered the same due to t.he s tat. stical outcome of' 
the F test of the slopes . 
In bre�ing out three ortnogonal cor.1parisons for the slopes of 
these lines, the values shown in Table 1 4  are f o nd. for F· . 
The two lines C. and E.. exh.10 1.  t no siGn1.f1. cant diff ere nee s : :rorr, 
0 C 
each other and can oe conside:reu the sa.rr.e line . C o;:; ining these t',,,: o 
and comparin0 the resulting 11.ne with i{__ al s o  gives nonsi5nif icance in  0 
slopes. Combining these three lines and comparing o the Rd line (t. e 
one which loo �ed uay out of 1 1.ne 1.n the ii.all gro· p ut \·:e \-:ere not anle 
to prove d1.f erences oecause of t e r- 1 1.ne) ·"',e ind. highly s i r:ii fica t 
differences to exist. .  rtd �1.ves the s t.atis t. ical si&n1.f1.cance to the } 
..l, 
Table 1 3  
Regression Analysis for Comparisons Between Test Groups and Casein 
Reduct i on Re s idual 
Treatment d .  f .  f x2 [ xy {_ y2 d. f. if_ xy} 2/f_x 2 i y 2 - Reduct i on }f' 
C b  5 . 2555 • 937 1 3. 7977 4 3 . 4 372  . 3605 
Kb 5 . 1 )8J .4 264 1 . 655 1 4 1 . 1 47 1  . 5u8u 
L 5 . 1 835 . 6406 
C 
3 . 1 5 27 4 2 . 2363 • 9 1 64 
ltd 5 . 27 39 . 0020 . 9825 4 
-- • 9825 
16 2.  84 3� ( A) 
{ s ingle 20 • 87 1 4  2 . 006 1 9 . 5880 1 9  4 . 6 1 84 4 . 96�6 ( B) 
3 
f. combined 23 1 .  1 852  2 . 2477  20 . 91 1 1  22  4.  2627 1 6 . 6484 ( C )  
( B - A) /( 1 9  -1 6 )  4 • � 6  '.:) 6  - 2 • 84 3 9 
TtS 1'ING F = 
SLOPE.S A/1 6 J. ( 3, 1 6 �  = 3 . 9865 * 
2 .  84 y;f 1 6  
TL:;TIH G  1 o  te s t  i s  needed here . Since the s l opes shoi,,; the regre s s i ons 
111;Es to  oe s i gnificantly different , the l i ne s  tests  v • ould al s o  
oe s 1 gm f  i can t . 
Taole 14 
Bre�ing Out Three Orthogonal Compa.risons f or "i'es ting S lopes 
:F rom liegression Analysis Between Groups of Die ts 
Comparison Ii 
C, vs E. 0 . 01 9 n. s. 
C 
Cb + E VS ¾ L. 550 n. s. 




test of slopes in the regression analysis in Table 1 3. The conclusion 
reached is that the liall diet at the ten per cent level is different 
from the other diets at the ten per cent �evel. Rall was not qaite 
ten per cent at the Ed level and. "this coald r.ave had. some bearing on 
the results. Ten per cent protein �as used as the c��pai-is on diet since 
it has been suggested as the percentage of protein tna t will ultimately 
be used to c ompare all cereal c7ains in the f�ture. 
Bread Diet he,o-ession Analys i s  
1he slopes and equations of the regression lines for t�e bread 
diets are given in F igure 7. The regress ion analys is is given in Table 
15. All oreads start wi�h the smae setbacA, l1mi�ed lysine and their 
slope and line analysis tests show no si6ni icant differences to exist 









































































































































































































































































































































Feed E,fficiency Ratios wer·e given in Table 7 a:. ::m6 with the aver­
weights of the rats in each treatment group at the �egin11in6 and. ter:n­
ination to the experimental diets. The feed efficiency ratio is the 
average weight gain of the treatment group divided by the average feed 
consumption of that s ame group. It is an indication of il.o\-.r ·.-1ell the 
rats utilized their feed allotment. Casein had an a.vera6e :·eed. effici­
ency ratio across tne four treatments of. 31 3, higher than the others. 
Kitt had an avarage feed ef ficiency ratio  of . 1 54 ,  ixa of . 1 22, and 
Rall ' s was .124. Feed efficiency decreased as expected in each treat­
ment group as tile ._percentage available protein decreas ed. 
The bread. diet feed efficiencies were on the level of the lo��s t 
percentage p:rgtein in diets of the wheat flvurs. The average feed 
efficiency rati o for tile three bread diets combinea. :-:as . u �7 grams of 
weight gained per gram of feed consumed. 
Prote in Eff i c iency i-.atios 
After s tatistical analysis of t�e lines , pro�e n efficiency ra-
tios can be studied. rhese are outlined in rable 1 5. 
We can average the values in tne casein , �1.tt and. Rall �oups 
since .these lines were shown �o be not signif icantly diff'erent. In 
dealing with the protein efficiency ratio of i.ra , tee lines are sta­
tistically different. The line with the lar6es t  error or �ith the 
mos t variance unexplained, l!.c ' with resi du
al equal t . 91 6L was not 
averaged into the PER. The average protein et·1·iciency ratio for :U-a 
becomes 1 • .33. Average PE.it vaL1e s for the other treat:r.ent groups are 
shown in Table 1 6 . 
The accepted value for casein in studies done before is 2 . 5 .  
The value in this stuciy is 2 . 8 , sli5ntly ni£h. 1'0 c�rrect for this 
higher value, presumed i J  all determined experimental diets studied 
here, all average PE.R' s were multiplied by the factor 2 . 5/2 . 8 = . 8929 . 
The corrected. protein efficiency ratios appear in rao-'-e 1 7, C:,-nc, 1 96 3 ) . 
It appears that the Kall cul t1.var, shm,;n to be limited in :nany 
amino acids, gave the best overall Pil., though all protein efficiency 
ratios are too close for any significant differences to exist. The 
differences in protein levels of diets and affiounts of each amino acid 







p rotein in d.ie t 
Cas e in 
1 4 - 74% Protein 
1 2 . 42'jc, , , 
9. 74% " 
7 - 45% . . 
Kitt 
1 ,3 . 1 3% Protein 
1 1 .  8 1%  " 
1 0 . 34,; I f  
9 . 0110 " 
Era 
1 0 . 67% Protein 
9. 6b/v I f  
9 . 1 37� " 
7 . 89% " 
Rall 
9. 1 6% Protein 
8. 92% , , 
8 . 5 1% . . 
8 . 1 6% " 
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Table 1 6  
Protein E.:fficiency hatios 
Average daily Average daily 
protein inta..i.ce weight gain 
( g/day) ( g/day) PER 
1 . 85 5 . 68 3 . 07 
1 • 5 .3 4 . 42 2 . 89 
1 . 27 3 .48 2 . 74 
0 . 83 2 . u6 2.48  
Average = 2. 8 
1 . 63 2 .44 1 . 50 
1 . 5 1 2 .45 1 . 62 
1. 37 2 . 1 0  1 . 5 3 
0 . 92 0 . 80 0 . 87 
Average = 1 . 38 
1 . 33 1 .  52  1 . 1 4 
1 .  3 7 1 .  9u 1 . 39 
1 . 07 1 . 47 1 . 37 
0 . 93 1 .  37 1 .!f1 
verage = 1 .  3 3  
1 . 09 1 .  76 1 .  6 1  
1 . 22 1 . 7 9 1 . 47 
1 . 06 1 .46 1 • 38 
0 . 98 1 . 1 8  1 .  20 
Average = 1 • .  2 
I. 
?roteir.. s o:irce 
and pe=- ce :n 
. pTotein in die t  
Bread Diets 
'Tr_; • • 
: � .;.,  .. I,, ' 1 C. 38% 
Era , i =· . � -=-� j 
�all, 8 . 94% 
Table 1 6  ( cont ' d) 
Protein Efficiency hat ios 
A verc..�� ci.ai ly 
Prote i.:i i:ita.lCe 
{ g/c.a:,� )  
Protein 1 . 1 3  















1.  29  
1 . 1 3 
PER 
1 . 23 
1 . 1 9  
1 .  26 
0 . 96 
0 . 8 9  
0. 92 
4 3  
PER 
1 . 08 
1 . uo 
1 . 03 
Chapter 4 
SU:,:;,:A,hy and rtI.CO:.:;·,i.u !LATIO: S 
Sum:nary 
When the teY-1 per c�.nt  leve s �i e acr: 1 l o'..lr diet croup and case i n  
were tested the data indi cated that the F.all di e t of 9. 16  per cent  
protein was siGnificantly different from the other groups' ten per 
cent protein  level diet. This indicates that the nutritive value 
of Rall flour is  less  than that of the other t-v:o flo:irs and cace i n .  
This seems reasonable when loo;<ing a t  the inherent d.iferences in  
tota1 protei n  available and ind.i vid al  amino acids availa-ole in the 
various fl o'..l.rs . 
However, when analysing the PER values over the four diets for 
each group, Rall flour had as 000d of a prote in efficiency ra io  as 
�he other wheats if  not better. The Pr:....�' s are so close that no 
d ifferences can be distinguished. Perhaps the � [1.1 1  flour had amino 
acids which were more available overall than the Kitt or I.Ta flo rs . 
This indicates that so�e nutritive · loss does · occur as the percenta0 e 
protein increases. 
The bread diets of each of the cult ivars were also shown to have 
the same regression lines and bas ically the sa�e protein  eff iciency 
ratio, approximately one t7a� o �eibht 6ain  per p-am o pro e i n  intake. .1 • 
45 
The data indicates that the three wheats are significantly 
different at the ten p er cent protein level, especial ly Rall whsn 
compared to the other two C".ll ti vn.rs a.11d casein. I'Le ?�� val:ies over 
the entire four levels of protein for each group indicate _ that the 
flours are not significantly different from each other but are differ­
ent from the casein. The bread die ts support this last finding. 
Recommendations 
Four levels of protein from each wheat cul tivar seems to i-:eep 
the protein levels very close together , especially f·o::r the cereal 
grains which have a low percentage protein content to oegin with. 
Possibly thre e prote in levels of each of the grains s "t ·J.d.ied would oe 
sufficient to yield a good regression analysis . One of these thre e 
levels should be near the ten per cent level. Eight or ten animals 
per treatment die t would also give greater confidence t o  the values 
obtained from the study. 
More studies of this type are needed to de ter;;une ne b e tter 
quality cul ti vars being produced. The population of' tne world con­
tinues to grow and so will its need for more protein.  Plants are 
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